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I. SUMMARY: This is a summary of the article "Teplopelengatsiys - sredstvo
razvedki” (Heat direction finding - means of reconnaissance), by E. Kosyrev,
Englneer Major, in: Voyennyye znaniya (Military science), no. 10, 1959,

p. 19-20, vwhich describes the principle of operation and various applica-
- tions of Infrared receilvers and tracking devices in military practice.
II. DISTRIBUTION: Normal STAT

— e INCLS

1. TFig. 1 - Receivers of infrared energy (sketch)

2. Fig. 2 - Antiaircraft infrared direction finder (sketch)

WARNING: This document contains information affecting the national defense of the United States within the meaning of the

Espicnage Laws, Title 18, U.S.C., Section 793 and 794. Its transmission or the revelation of its contents in any manner to

an unauthorized person is prohibited by law.

AF M . 112 repiaces ar rorm 112, 1 TS 82 MHICH MAYSBE~USED's i
4 ilﬂ«.ipﬁ

15 SEP 54 Y ISED
4 i,,,,.;v L"fw”k h}:{:} 1 i 7r U.S. GOVERNMENT PRINTING OFFICE : 1954 © — 3] 5475
—_— . STAT
CLASS IF ICAT ION @/ {

be::léssified in Part - San'itize‘d Copy Approved for Release @ 50-Yr 2014/06/18 : CIA-RDP81-01043R004300140003-2




s
s

Declassified in Part - Sanitized quy Approved for Release @ 50-Yr 2014/06/18 : CIA—RP81-01OR004300140003—2

UNCLASSIFIED - R &

. CLASSIFICATION  ~ (SECURITY INFORMATION when flled in)

' : SUPPLEMENT TO AF FORM 112
\ TlsTaT .
\ PAGE OF PAGES

INFRARED DIRECTION FINDERS

Genexal 'Consideration,

liew possibllities of application of electromagnetic radistion for reconnais-
ssnce purposes have been developed recently. This achievement was due in
lerge measure to the study and epplicstion of infrared technigues.

Depending on the methodsof their employment, radar es well as infrared devices
can be divided into active and pessive systems.

An aetive system requires the {1lumination by a beam of infrared energy enitted
by en infrared projector, A part of the energy is reflected from the object
and comes back to e special receiving device located at the point of bbserva-
tion. By this means it iz not only possible to detect the target but also to

- f£ix its position within the fileld of vision.

The passive system of cbservation is besed only on the detectlon of their own
energy emitted by cbjects above sbsolute zero (~273°C) in the form of infrared
rays (thermal radiation of the heated. surfaces).

The night vision equipment presently used for reconnaissance purposes belong to
the aotive means., A powerful infrared projector lamp is its inseparedble ele-

ment. However, the use of the lamp reveals the projector position even at i
great distances. . ‘|

The advantages of pasa:wé infrared detection devices referred to alsc as the
infrared direction finders are indisputazble. They operate without illuminating
the terrain or the object of cbservation, they are simpie in operetion and
gervicing and their dimensions and weigh% are reduced to a minimum. The basilc
advantage of their use is ccmplete secrecy of actlon. the efficiency of opera-
tion depends here on the intensity of the infraved energy specifically to sep- e
arate radisting objects. o : ‘

Two basic properties of infrared radiation have drews the ettention of military
experts; f£irst, they are invisible to human gjyes, sscondly, all objects lecated
on the battlefield can be practlcally considered as the sources of infrared
radiation. Both factors are of great importence when the secrecy of military
operations 18 considered. '

The Infrared Energy Detectors.

While encountering some bodies, the radient snergy 1s zbsorbed by them and
trangferrved into thermal, electric end chemical energies. This phenomencn was
used in isolating various types of infrared energy detectors such as thermo-
couples, bolometers, pneumatic cells (indicetors) and photoresistors (see

Fig. 1 at the end of this SUMmAYY ).

In the event radiant energy heats the junction of two different metals and pro-
duces thermo-electromotive force of such extremely low magnitude that special
preamplifiers are required to make measurement of the signal possible.
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The bolometer is the most widely used type of infrared detector, It represents
& thin semiconductor of black painted flakes (to increase ebsorption of rediant
energy) which; vhen exposed to infrarved radiation heats up and its resistance
decreasés. . Usaally the bolometer is out into a measuring bridge with A.C, sup-
Ply 300«500 K. The thermocoupies and bolometers sre very sensitive, but their
disadvantege lies in considersble inertia which makes it difficult to detect
targets moving at high speed. :

The pneumatic detector of infrarad radiation also belongs to the group of ther-
mal devices. It consists of a metallic body with an eir filled camera (gases)
@losed at both ends with £ilm diaphregms; one of these thin films which serves
to sbsorb the heat exposed to infrared radiation; ancther mede of much thinner
£ilm, deforms under pressure of the expanded hssted air and serves as an indi-
cator of tha presence of radiation in the obssrver's field of vision. The
meumatic detector is characterized by high seneitivity and small dimensions
(3mm high snd 3mm dismeter).

Photoresistors or photoconductive cells are made from semiconductor materiamle
which, wvhlle exposed to infrared rediation, increases the number of free elec-
trone thus increasing its conductivity. The detector circuit consists of the
photoresistor, load resistor, and power supply. The variation of current flow
in the photoresistor results in voltage drop across the load resistor. These
varying voliages are amplifying and are applied to the indicator which records
the variation of infrared radiation, \

- Tafrered Direction Finder,

The finder consists of two besic units; optical system with infrared receiver
and target position coordinator (See Fig. 2).

The optical system 1z supposed to collect as much as possible of the radient
energy emitted by the tmyget and transfer it to the receiver by masns of a
parsbolic mirror reflector. Flux of infrsred radiation 1s focussed by the
mirror upon the surface of the dstector. The mirror is placed in a light
metallic drum which protectes it from the side reflections and mechenical dam~
ege. Selection of the type of receiver-detector, as well as radiatien patterns
of the probeble targets play a decisive role in the design of the direction ]
finder., An emplifier lccated at the output of the receiver plays a very essen-
tial role in the whole system. Either D.C. or A.C. amplifiers are used here.
The applieation of semlconduotor devices (transistors) conaidersbly simplifies
the design of the amplifiers.

Target position coordination (cooidinate scale) serves to determine the target
position in relation to the optical axis of the direetion finder. This data
can be used for automatic and continueus tracking of the target within the
divection finder range.

The major component elements of the ceordinator are the modulator and disk com-
mutator (optical chopper)., The purpose of the modulator is to chop the radiant
flax incident to photoresistor, thus the A.F. amplifier can be used for signal
amplification, Modulation of radisnt flux is performed by means of a disk
médulator dyiven by & special electric motor. Immedlately behind the modulator
there ig & disk commutator provided with a radial slot. The detector (photo-
resistor) senses the terget radiation and in 1ts circuit signals appear in the
form of pulses alternating with modulation frequency 800 ¢/s. After passing
through A.C, amplifier, the signals are applied to the indicator device » which
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Jointly with the disk-commutator makes it possible to determine the target

3 position in relation to the finder axis. In the indicator device there is a
small neon bulb which revolves in step with the disk commitator. The bulb is
supplied from the photoresistor amplifier.

J If the target is on the edge of the direction finder's field of vision and the
rediation passes through the odge of the disk~-commtator, then 1ts slot trans-
. mits the radiation toward the thermoresistor only within a very limited angle o
of revolutien. The remaining part of the disk overlars the radiant fiux.
After emplifying, the received signal lights the neon bulb only within that
limited angle. With the approach of the terget to the optical axis of the
direction finder, the duration of the bulb's glow increasses., When the target
reaches the axis, the glowing remsins uninterrupted. This oceurs due to the
fact that during the revolution the linear speed of the disk slot in relation
to the barget imsge varies » depending upon its distance to the disk center,

Using the hand wheels of the tracking mechanism, the Operator attempts to keep
the neon buld glowing uninterruptedly, i.e., it mst be centered on the target
aslong the optical axis of the direction finder,

The eccuracy achieved by that method is close to one tenth of a degree at a
range o0f 20 km, :

Application of Infrared Directicn Finding Equipment. .

Detection of slightly heated targets is possible due to the use of highly sen-
sitive receivers of radiant energy. According to information gathered by the
exthor, today's sireraft infrered direetion finders provided with ultrasensi-
tive bolometers make it possible to detect from air submarines submerged up to
40 meters due to the temperature difference existing between the weke and am-
bient weter which vaeries within 0.05 and 0.5°@.

Aireraft thermal gunsights and direction finders are used extensively in the
alr foree. Such a gight installed in the nese of an all weather interceptor
detects the enemy siveraft for a renge of 8-10 km at average heights.

Recently, the principle of thermal direction finder hsve been extensively used
in the design of heat seeker heads of infrared gulded missiles. Possessing
comparatively small dimensions and weight and eonsuming low energy they cperate
effectively for ranges of some few kilometers on the ground and few tenths of
kilometers on the ses and in the air. The resolution of these infrared devices
: is very high es compared with 8 mm. wevelengths radar equipment working at the
- sam® range.

The essential disadvantage of the infrared direction finding system is its
nge dependence on atmospheric conditions » time, emount of radiation energy
emftted by the target end the difficulty of measuring the distence to the
target. The beat yesulis have been cbtained under night coenditiens and at
high altitudes when the amcunt of foreign impurities in the gir is very low.
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